Eight strains of facultatively methylotrophic budding bacteria which utilized mono-and trimethylamine as sole carbon and energy source were shown to belong to the AgrobacteriumRhizobium complex in rRNA superfamily IV. It is considered that these organisms probably represent a new taxon; a description is provided, and the taxonomy is discussed.
INTRODUCTION
Facultatively methylotrophic bacteria are organisms which can utilize either one-carbon or multi-carbon compounds as sole carbon and energy source. They include a diverse assemblage of organisms (Green & Bousfield, 1981) , some of which fit into well recognized taxa. Others, such as the pink-pigmented facultative methylotrophs, have been shown to constitute a new taxon, for which the genus Methylobacterium was subsequently proposed (Patt et al., 1974; Green & Bousfield, 1983) .
In 1982, seven strains of non-pigmented, motile, Gram-negative bacteria, which could utilize mono-and trimethylamine but could not utilize methanol, were examined as part of a numerical taxonomic study of some Gram-negative facultatively methylotrophic bacteria. They were shown to form a fairly tight cluster (cluster 1 ; approx 90% similarity level), well separated from the other methylotrophic bacteria and non-methylotrophic reference strains examined (Green & Bousfield, 1982) . Since that study it has become apparent that Pseudomonas aminovorans (NCIB 9039), a similar methylated amine utilizing organism, isolated by den Dooren de Jong (1 927) from soil, is phenotypically and morphologically indistinguishable from the seven isolates previously examined (P. N. Green, unpublished data).
These organisms including P. aminovoruns, reproduce by budding (L. B. Perry, unpublished observation), suggesting a link between these facultatively methylotrophic bacteria, and other taxa which exhibit budding or polar growth. Various members of the ribosomal ribonucleic acid (rRNA) superfamily IV sensu De Ley (1978) , reproduce by budding division (L. B. Perry, personal communication), and the reference strain of P . aminovorans has already been allocated to the Rhizobium-Agrobacterium complex of this rRNA superfamily (De Ley et al., 1987) . It was therefore important to examine the facultative methylotrophs in light of the above findings.
METHODS
Bacterial strains and growth media. The following seven organisms were examined : Pseudomonas aminovorans NCIB 9039 (den Dooren de Jong, 1927); Pseudomonas MA, NCIB 11590 (Shaw et al., 1966) ; Pseudomonas MS, NCIB 11591 (Wagner, 1964) ; strain 5H2, NCIB 11347 (Hampton & Zatman, 1973) and strains 27,32, 36 and 44 isolated by A. J. Smith, University College of Wales, Aberystwyth. Cultures were grown and maintained on Bennett's agar (Keeble & Cross, 1977) . Stock cultures were incubated at 25 "C and sub-cultured every 14 d.
Characterization of strains. Most of the methods used for physiological and biochemical characterization, utilization of substrates as sole carbon source and DNA base ratios (molx G + C), were as described by Green & Bousfield (1 982). Exceptions included utilization of ferulic, coumaric and anisic acids, and oligotrophic growth,
which were tested by the methods of Ohta & Hattori (1983) . The ability of bacteria to grow autotrophically was examined in an atmosphere of H2/CO2/O2 (75 : 15 : 10) on the medium described by Aragno & Schlegel (1981 (1979) . Morphological studies. These were performed by phase-contrast microscopy, using exponentially growing broth cultures immobilized on both pre-dried plates of Bennett's agar and on Cytophaga agar (Anaker & Ordal, 1959) containing 1.5% (w/v) agar (Difco), over a period from 1 h to several days at room temperature using a Zeiss photomicroscope.
Ribosomal ribonucleic acid homologies. Methods for the extraction and preparation of high-M, DNA, labelled rRNA and the hybridization procedures used were as described by De Ley et al. (1987) . The following labelled rRNAs were used: 23s [3H]rRNA from Rhizobium loti NZP 2037, Rhizobium meliloti NZP 4009 (Jarvis et al., 1986) 
RESULTS A N D DISCUSSION

Morphological and physiological properties
All of the facultative amine-utilizing bacteria discussed in this paper (the 'aminouorans' taxon) conformed to the following description. They were Gram-negative rods (0.6-0-8 x 1.0-2.5 pm), sometimes pleomorphic, bent or branched. Reproduction occurred by budding. This usually took the form of polar growth, but occasionally lateral budding or branching was seen (Fig. 1) . No stalks, prosthecae or other holdfast structures were present. The cells were motile, with single or multiple polar, sub-polar or lateral flagella. Colonies on nutrient agar were off-white and slow-growing (1-2 mm in 7 d at 25 "C); they did not form extracellular polysaccharide slimes on carbohydrate-containing media. Older colonies (> 7 d) had a pale brown centre. The cultures were obligately aerobic, and chemoorganotrophic. They did not grow oligocarbophilically or autotrophically; did not fix atmospheric nitrogen and, as far as is known, do not form nitrogenfixing symbiotic relationships with plants. They grew at 5 "C and 30 "C, but not at 37 "C; the optimum grown temperature was about 25 "C. Oxidase and catalase were present.
The ethanolamine, butylamine and p-hydroxybenzoate. None of the following carbon sources were utilized : starch, erythritol, adonitol, malonate, succinate, fumarate, citrate, L-aspartate, adipate, sebacate, 2-oxoglutarate, DL-malate, D-tartrate, D-laevulinate, pelargonate, saccharate, DL-phenylalanine, ethanol, propylene glycol, 2,3-butylene glycol, geraniol, methanol, tryptamine, amylamine, histamine, putrescine, m-hydroxybenzoate, testosterone, sarcosine, phenol, ferulic acid, p-coumaric acid or p-anisic acid. All strains were sensitive to tetracyclines, penicillin, novobiocin, neomycin, vancomycin, gentamicin, carbenicillin, albamycin T and framycetin, but resistant to streptomycin.
Most strains grew at pH 4.5 and 9.5 and all strains grew moderately slowly (colony diameter 1-2 mm, 7 d, 25 "C) on Bennett's agar, nutrient agar (Oxoid CM3) and yeast mannitol agar (YMA). Weak to moderate acidity was produced in YMA plus bromothymol blue and glucose peptone agar containing bromocresol purple. Congo red was weakly absorbed when cultures were grown on YMA-congo red agar plates. All strains grew in yeast mannitol broth in the presence of 2% (w/v) NaCl, but grew poorly and produced no change in litmus milk. They did not reduce Nile blue. Casein, cellulose, gelatin, lecithin, starch and DNA were not degraded. U rease was produced and some strains produced a precipitate in calcium glycerophosphate agar, but 3-ketolactose, P-galactosidase, indole, H2S, L-ornithine and L-lysine decarboxylases and L-arginine dihydrolase were not produced. The methyl red and Voges-Proskauer tests were negative. Some strains reduced nitrate to nitrite. Acetylene reduction was not detected (D. C. Jordan, personal communication), and representative strains failed to induce root nodule formation on the following plant species : Medicago sativa, Trifolium repens, Pisum sativum, Phaseolus vulguris, Lupinus sp., Glycine ussuriensis and Vigna mungo (M. Dye, personal communication).
The guanine plus cytosine content of the DNA ranged from 61.8 to 64-7 mol% (Green & Bousfield, 1982) .
We suggest that NCIB 9039 (Pseudomonas aminouorans), which was the original strain (Den Dooren de Jong, 1927) isolated from garden soil, is a suitable representative strain. 
Nucleic acid analyses
The average percentage G + C values of the eight strains are given in Table 1 . The DNArRNA hybridization data are also shown in Table 1 , and are represented diagramatically in Fig. 2; where the relationship of the 'aminovorans' taxon is illustrated in relation to other members of rRNA superfamily IV.
These results show that Pseudomonus MA and Pseudomonas MS, two representative strains from the group of phenotypically similar methylated amine utilizing bacteria studied earlier by Green & Bousfield (1982) , do indeed cluster together with the type strain of P . aminovorans in rRNA superfamily IV. With Tm(el values from 75.5 "C to 77.2 "C versus 23s [3H]rRNA of Rhizobium loti NZP 2037, they belong to the Rhizobium loti rRNA branch, which is the most remote taxon in the Agrobacterium-Rhizobium rRNA complex (Jarvis et al., 1986) .
However, the Tm(e) values (about 5°C difference between R. loti and the facultatively methylotrophic 'aminovorans' taxon) suggest that the latter does not belong to R . loti. This is further substantiated by phenotypic evidence. R . loti, like most of the fast-growing rhizobia, produce fairly large (3-4 mm diam.) mucoid colonies on yeast mannitol agar after 3-5 d at 25 "C, whereas strains within the 'aminovorans' taxon produce smaller (1-2 mm diam.) non-mucoid colonies. Also, representative strains of the 'aminovorans' taxon do not exhibit acetylene reduction in pure culture (D. C. Jordan, personal communication).
Based on previous phenotypic studies, the eight strains discussed in this paper could be closely related to the genus Blastobacter, which contains heterotrophic rod-shaped budding bacteria that do not fix nitrogen. Although seven species of the genus Blastobacter have been described, a number of these, including the type species, B. henricii, are not available for comparative purposes. Recent work by Stackebrandt and his colleagues (Rothe et al., 1987) , using 16s ribosomal RNA cataloguing, have shown that the type strain of Blastobacter aggregatus also Pseudomonas aminovorans, methylamine utilizers 2075 belongs to the alpha sub-class of the Proteobacteria (and by implication rRNA superfamily IV). These workers found B. aggregatus to be more closely related (SAB = 0.84) to Agrobacterium tumefaciens DSM 30150 (= ATCC 4720), an organism which is a member of Agrobacterium cluster 1 (De Smedt & De Ley, 1977) , than to Rhizobium feguminosarum ATCC 10004. Agrobacterium cluster 1 and R. feguminosarum, both of which are members of rRNA superfamily IV, are shown in Fig. 2 . Unfortunately, Rothe et al. (1987) did not include Rhizobium loti, on which rRNA branch the 'aminovorans' taxon clusters, in their study. However, it is clear from Fig. 2 that R . loti, and hence the 'aminovorans' taxon, is even further removed from Agrobacterium cluster 1 than R . legurninosarum, and thus cannot be closely related to B. aggregatus.
In addition Blastobacter denitr$cans (Hirsch & Muller, 1985) , a facultative methanol utilizer, has been shown to have a T,,,(e) value of 67.0 "C versus 23s [3H]rRNA of R. loti NZP 2037 (see Table l ), thus indicating its distant relationship to that species, and, by implication, to the 'aminovorans' taxon. Indeed, its close association with the Bradyrhizobium japonicumRhodopseudornonas palustris rRNA branch of superfamily IV is testimony to the heterogeneity within the genus Blastobacter.
As a consequence of these findings and the unavailability of several Blastobacter species for comparative purposes, the present authors do not consider it prudent to make formal taxonomic proposals at present. We also propose that until the internal homogeneity of the 'aminovorans' taxon is examined in more detail, that all the strains described in this paper be considered as belonging to a single species.
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